INTRODUCTION
Consumer choice behavior may exhibit dynamics for two distinct reasons. First, there may be state dependence in choice behavior; that is, choices made in previous periods may causally affect a consumer's current choices. Thus, as a consequence of experiencing an event, preferences or constraints relevant to future choices may be altered; therefore, individuals who have experienced an event in the past may be more likely to experience that event in the future. This type of temporal dependency in choice is referred to as "true" state dependence (Heckman 1981) .
Second, there may be dynamic responses to exogenous variables. In marketing, the stream of literature on temporal dependencies in choice due to dynamic responses to exogenous variables focused primarily on reference price effects in brand choice (Winer 1986 ). Furthermore, advertising carryover effects (Tellis 1988 ; Pedrick and Zufryden 1991) have been analyzed as well, albeit to a lesser extent.
The stream of research that focused on state dependence, on the other hand, has intensively studied the order of the consumer brand-choice process, where a higher than zero-order Markov process indicates the existence of state dependence. Although Uncles, Ehrenberg, and Hammond (1995) indicated that applications of the Dirichlet model have provided strong evidence for zero-order choice processes, there still seems to be a great deal of disagreement on this issue. Indeed, recent work on state dependence and heterogeneity in the context of disaggregate panel data of consumer brand choices has brought the discussion about the order of the choice processes under new light.
In particular, marketing researchers have realized the importance of disentangling heterogeneity and state dependence in brand-choice models (see Keane 1997 for a review). The empirical observation that consumers tend to buy the same subset of brands repeatedly can be explained by either state dependence or unobserved heterogeneity; that is, individuals may differ in certain unmeasured variables that influence their probability of experiencing the event. This is called heterogeneity in unobserved variables (such as preferences, price sensitivities, etc.). If these unobserved variables are correlated over time and are not properly controlled, previous experience may appear to be a determinant of future experience solely because it is a proxy for such temporally persistent unobservables. Therefore, one needs to account for unobserved heterogeneity and other sources of serial correlation in unobservables to be able to make any inferences about true state dependence.
This article attempts to show that researchers may need to account for both state dependence and dynamic responses to exogenous variables to test for the effects of either. More specifically, this article aims to adopt relatively simple approaches to distinguish between the two main causes of choice dynamics-namely, state dependence and dynamic effects of exogenous variables-while controlling for unobserved heterogeneity.
A simple test was suggested by Chamberlain (1978) to distinguish state dependence from heterogeneity and serial correlation. Chamberlain noted that the key distinction between heterogeneity and state dependence is dynamic response to exogenous variables. Chamberlain's test consists of including lagged exogenous variables (but not lagged choices) in the utility specification while allowing for unobserved heterogeneity in the taste and response parameters (Hsiao 1986 ).
If true state dependence is present, lagged exogenous variables affect current choices because they affect lagged choices. But if true state dependence is not present, lagged exogenous variables cannot affect current choices. Thus, Chamberlain argued that a test for whether lagged exogenous variables are significant determinants of current choices would be a test for state dependence. Further, he argued that such a test would have important advantages over tests based on significance of lagged-dependent-variable models.
A key point is that estimates of lagged-dependent-variable models are only consistent if the functional form for serial correlation-that is, the serial-correlation structure-in the errors is correctly specified. If the serial-correlation structure is misspecified, the lagged-dependent-variables may be spuriously significant, simply because they help to fit the temporal dependency in the data better. As Heckman (1981) pointed out, one will get spurious state dependence if there are random effects but the econometrician falsely assumes that errors are serially independent. However, the point is more general. For instance, if the errors are AR(1) (first-order autoregressive) and the econometrician assumes random effects, it will also lead to inconsistent estimates of lagged-dependentvariable coefficients (as will any misspecification of the serialcorrelation structure).
The important virtue of Chamberlain's test is that it does not rely on a correct specification of the serial-correlation structure in the errors because the model he estimated to implement the test did not include lagged endogenous variables. As is well known, if the heterogeneity and/or serial-correlation structure is misspecified in models that do not contain lagged endogenous variables, it typically only causes inefficiency, not inconsistency of the estimates. Thus, Chamberlain argued that his proposed test should be reasonably robust to misspecification of the functional form for heterogeneity and/or serial correlation. Note that when Chamberlain argued about "insensitivity to functional form" he was not referring to the assumption of the distribution of the errors or the functional from of the relationship between the dependent variable and exogenous variables. Rather, this term needs to be interpreted as "insensitivity to serial-correlation structure."
We should note, however, that a random-effects implementation of the Chamberlain test cannot be said to be strictly robust to serial-correlation structure since there is no theoretical proof that the random-effects estimator is robust to arbitrary serial correlation in errors in the context of discretechoice models (which are nonlinear models). However, past empirical evidence on discrete-choice models (with random effects) has indicated that misspecification of serial-correlation structure has fairly minor effects on the estimates of the coefficients for exogenous variables. For example, Keane (1997) found that the estimates of coefficients for exogenous variables such as price obtained in brand-choice models with random effects and autoregressive errors were not very different from estimates obtained from random-effects-only models, despite the fact that the AR(1) coefficient was highly significant.
To give a concrete example of how Chamberlain's test works, suppose that the lagged covariate that is included in the model is price. Now further suppose that only current prices matter in current brand-choice decisions (e.g., there are no lagged price effects) but that state dependence exists due to habit persistence-that is, reinforcement of consumer tastes due to past consumption (Erdem 1996) . Given that there is habit persistence, a consumer is more likely to buy a brand at the current purchase occasion if this consumer bought it on the previous occasion. Although lagged price has no effect on the current utility, a low lagged price means that the consumer is more likely to have bought the brand at the previous purchase occasion. Then, even though lagged price does not have any effect on the current purchase decision, the habit persistence induces a negative correlation between lagged price and the current purchase probability for a brand. Chamberlain's approach entails testing for such a correlation. A related stream of research analyzed the order of the choice process within the context of Markov models. The evidence obtained from these studies is mixed. Givon (1984) found weak evidence for a specific form of state dependence--namely, variety-seeking behavior. Bass et al. (1984) reported that around 70% of the families studied showed zero-order choice behavior. Kahn, Kalwani, and Morrison (1986), on the other hand, found significant state dependence for most brands they analyzed.
However, when researchers realized that not accounting for unobserved heterogeneity may lead to spurious state dependence (Heckman 1981 ), this accumulated "evidence" on state dependence was called into question. Indeed, Bass and Wind (1995) indicated zero-order consumer brand-choice behavior to be an empirical generalization. However, over the past few years, several studies incorporated both state dependence and unobserved heterogeneity in the context of choice models (e.g., Gontil and Srinivasan 1993; Roy, Chintagunta, and Haldar 1996; Keane 1997) and found some evidence for state dependence. Given this mixed evidence, there still seems to be controversy about the existence of state dependence in choice in the context of frequently purchased product categories.
A SIMPLE TEST FOR CHOICE DYNAMICS

Chamberlain's Test
To analyze the intertemporal relationships among discrete variables, Heckman (1981) proposed a general framework.
A special case of his framework is given in (1), where the continuous random variable y* is a function of exogenous variables and past occurrence of the event:
Yi*t = 3'xit + Yiy, t-+ Vit.
(1)
Note that yit, is 1 if y* > 0 and it is 0 if yi < 0, where i denotes the observation and t the time period. The coefficient y measures the effect of experience of the event one period ago on current values of y,. The error term vit is assumed to be independent of x and is independently and randomly distributed over i.
However, such lagged-dependent-variable specifications as tests of state dependence may be sensitive to various assumptions about unobserved heterogeneity and serial correlation. Hence, Chamberlain (1978) suggested a simple method to distinguish true state dependence from spurious state dependence. He noted that, just as with the continuous models, a key distinction between state dependence and serial correlation is whether or not there is a dynamic response to an intervention. If y = 0, a change in x has its full effect immediately, whereas if y is not equal to 0, this implies a lagged response to a change in x. The lag structure relating y to x is not related to the serial correlation in v. If x is increased in period t and then returned to its former level, the probability of yi, ,+ is not affected if y is equal to 0 because by assumption the distribution of vi, was not affected. If y, 0, then the one-period shift in x will have an effect in the next period (or lasting effects if the distributed lag structure involves all past events). Thus, an intervention that affects the probability of y in period t will continue to affect the probability of y in period t + 1.
Thus, a test that should not be very sensitive to the specification of serial correlation and heterogeneity structure would simply include lagged x's without lagged y (Chamberlain 1978 Note that Chamberlain's test should not be sensitive to the specification of unobserved heterogeneity and, in general, the specification of the serial correlation structure simply because Chamberlain's test does not involve a lagged dependent variable. More specifically, since there is no lagged dependent variable in the model, the problem of the upward bias in the lagged-dependent-variable coefficient due to uncaptured unobserved heterogeneity or serial correlation does not arise. For example, Keane (1997) showed that adding more complex heterogeneity structures decreased the magnitude and significance of the state-dependence coefficient. However, even after allowing for very complex heterogeneity structures, he still found evidence for statistically significant, albeit small in magnitude, state-dependence effects.
Finally, it should be noted that Chamberlain's test requires that the individual effects (ai) be uncorrelated with the x's if a random-effects model is used to implement the test. However, if the individual effects are indeed correlated with the x's, then one needs to use a fixed-effects specification. Nonetheless, in the context of multinomial choice (as is the case with brand choice), it is infeasible to estimate discrete choice models with fixed effects. Hence, in the context of brand choice, one needs to use a random-effects model to implement the Chamberlain test. We should also note that a random-effects specification is very plausible in this context since empirically it is implausible for the covariates such as lagged price or lagged display to be correlated with individual effects-that is, brand preferences. However, we will be testing this assumption in our empirical analysis.
A very important point to note also is that the previously described implementation of the test is not robust with respect to the specification of serial-correlation structure. This is so because, in the random-effects case, the random-effects estimator is not proven to be robust to arbitrary serial correlation in the errors. However, as we previously discussed in Section 1, empirical evidence (e.g., Keane 1997) suggests that the parameter estimates obtained from models with random effects and autoregressive errors versus estimates obtained from random-effects models only are very similar. Additionally, this insensitivity to the structure of serial correlation in errors is only found when lagged dependent variables are not included in the model (Keane 1997 ). Since Chamberlain's test involves only lagged exogenous variables and no lagged endogenous variables, the random-effects implementation of the test is likely to be quite robust to serial-correlation structure as well.
An alternative test for state dependence would involve a simple lagged-dependent-variable model. To describe his approach, let us specify the following general structure for a problem with two alternatives (Wooldridge 1998 The main trade-offs between Chamberlain's approach and approaches that involve estimation of lagged-dependentvariable models are the following. Chamberlain's test should not be sensitive to the specification of unobserved heterogeneity and serial correlation because it does not involve a laggeddependent-variable. However, it requires a lack of significant direct effects of at least one exogenous variable, and it requires a lack of correlation between the covariates and individual effects. Lagged-dependent-variable approaches, on the other hand, require the correct specification of any serial-correlation pattern. Furthermore, one may expect that, if there are significant direct effects of lagged exogenous variables and these are not captured in the model, then the lagged-dependent-variable coefficient may be found significant even if it there is no true state dependence. Therefore, to circumvent the drawbacks of each approach, it is useful to apply a combination of tests to test for both state dependence and dynamic responses to exogenous variables under analysis.
Testing for Choice Dynamics in Scanner Panels
3.2.1 Chamberlain's Test: The Specification of the Utility Function. The tests described in Equations (2) and (3), which is the Chamberlain test, and in Equations (4), (5), and (6), which is the Wooldridge test, involved two alternatives. In this section, we will specify the index functions such that there are multiple alternatives. We will assume the index function (G) to be a logit, and hence we will estimate multinomial logit models (McFadden 1974).
The test described in (2) and (3) involves exogenous variables only. This is indeed one of the reasons that underlie its simplicity. In the context of brand-choice models estimated on scanner panel data, the exogenous variable that explains most of the variance is price. Hence, we include price as an exogenous variable to test whether lagged price effects have any impact on choice.
Since there may be dynamic responses to prices (reference price effects) and Chamberlain's test requires at least one exogenous variable without any direct lagged effects, we also use display and lagged display as additional exogenous variables. In the case of the displays, there is no plausible theory of dynamic responses. Thus, we do not expect significant lagged display effects unless there is true state dependence. We will also estimate lagged-dependent-variable models with lagged prices and displays. Thus, we will be able to show whether lagged values of prices and displays affect current choices after controlling for the effects of the lagged dependent variable. Note also that, in the context of brand-choice models, there are a few exogenous variables, such as display and feature, for which there is no plausible economic theory or consumer behavior explanation of any direct lagged exogenous responses. Thus, the requirement of the Chamberlain test for at least one exogenous variable to have no significant dynamic responses in the absence of state dependence is easy to fulfil. Finally, we should also note that we assume prices and displays to be exogenous, which is the standard assumption in discrete-choice models estimated on individual (household)-level scanner panel data.
Another issue to be addressed is the number of lags to include in the analysis. To simplify the analysis, we include only the prices and display at the previous purchase occasion, since in the context of scanner panel data it is highly unlikely that the first lag is statistically insignificant although higherorder lags are statistically significant. Note that if we find the coefficient for the lagged price (or lagged display) to be statistically significant, this would indicate state dependence (under the assumption of insignificant true lagged price and display effects). Then, there is no need to check for further lags. When we did the empirical analysis, in the categories where the lagged terms turned out to be statistically insignificant, we included further lags such as Priceijt_2 and Priceijt-_3. However, the coefficients for these variables were statistically insignificant as well. Hence, the one-lag structure seems to be adequate to test for state dependence in the datasets we used.
Thus, for the Chamberlain test, we specify the latent index of household i for brand j at purchase occasion t, (y 
where aij = aj + aij is the household and brand-specific respectively. Finally, we assume that the error terms eijt, which are deterministic from the point of view of the household but are unobservable by the analyst, are iid. Thus, we assume that all serial correlation in unobservables is captured by the unobserved heterogeneity terms (as suggested by Chamberlain, the tests should not be sensitive to this assumption). Note that both the intercept term and the slope coefficients are allowed to be heterogeneous. Yij, t-1 =1 if brand j was purchased at purchase occasion t -1, and yij,, I = 0 otherwise. The coefficient for Yij, -1 is (p + ri). yijo = 1 if brand j was bought on the first purchase occasion (i.e., at t = 0), and it is 0 otherwise, (A + li) is the coefficient for yijo, and Er_0 Priceij, and ET_0 Displayij, represent the price and display dummies for brand j and household i over the entire purchase history of a household (from t = 0 to T, where T denotes the last purchase occasion observed for that household in the calibration sample);
Wooldridge's Lagged
("q + ei) and (iT + Pi) are their respective coefficients. Thus, all past prices and displays are constrained to have the same coefficients. Note also that the "price history" and "display history" variables, ETro Price,1 and ErT=0 Displaytij, are household specific since these vectors include prices and displays at the purchase occasions of that specific household. We call the model based on Equations (8) and (9) Model 2. We assume that ai1, bi, wi, rili, e,, and pi are normally distributed with means 0 and variances 00, U2, a0, 0 00, 0e, and p, respectively. We should note that making the household brand-specific coefficient (brand preferences) a function of past price and display enables the researcher also to test for the viability of a random-effects specification where individual effects are uncorrelated with the covariates (recall that Chamberlain's test is based on this assumption if a random-effects specification is used to implement the test).
Finally, we use the estimation approach suggested by Wooldridge (1998) 
where the household-and brand-specific coefficient is as defined in (9). The specification in (10) allows us to distinguish between the two different sources of choice dynamics, state dependence and lagged effects of the exogenous variables (i.e., marketing mix effects). We call this Model 3. Finally, since Model 3 may suffer under multicollinearity problems because ET=0 Pricey, and ETi=0 Displayij, in Equation (9) can correlate with Price., t-_ and Displayij,, t in Equation (10), we also estimate a model (Model 4) where we set (r + ei) and (rr + Pi) in Equation (9) to 0 to further test for dynamic responses to exogenous variables.
As discussed previously, if we do not find any significant lagged effects associated with the exogenous variables in Chamberlain's test (Model 1), we can rule out both state dependence and lagged effects of the exogenous variables under analysis. However, if we do find significant lagged effects, we would not know whether there is indeed state dependence or significant lagged effects of the exogenous variables. Nonetheless, if we find a significant lagged purchase effect in Model 2 (Wooldridge specification), that will be consistent with state dependence provided that any potential serial-correlation pattern is sufficiently captured. For example, we have allowed for random effects, but there may still be uncaptured serial correlation in the errors that follow some autoregressive process. Furthermore, if there are large and significant dynamic responses to exogenous variables (not modeled in Model 2), the state-dependence coefficient may be simply picking up such effects. Therefore, we need Model 3, which nests both the Chamberlain approach and Wooldridge's approach, to see whether the effects of lagged exogenous variables persist after accounting for the effect of the lagged dependent variable and to test for state dependence. Note also that the Model 2 and Model 3 results will shed light on whether the individual effects are uncorrelated with the covariates (x's)
To reiterate, the estimation of Model 1 (Chamberlain test) and the estimation of lagged-dependent-variable models (Models 2, 3, and 4) enable us to test for both state dependence and dynamic responses to exogenous variables under analysis and disentangle the two. This is so because to conclude for state dependence we need two results, (1) (9) 
Choice Probabilities and the Likelihood Function
where f(0 i ,Os) is the multinomial probability distribution function for (Pi, conditional on Os, and Os denotes the subset of the parameter vector that includes oa, oa , a 9 L 2, and 0-2 Given (13), the log-likelihood function to be maximized is
i=I where N is the number of households. Note that, given the integration in (13), this function requires the evaluation of multiple integrals. We use simulated ML techniques to evaluate these multiple integrals. In the simulation estimation approach, one uses Monte Carlo methods to simulate the highorder integrals that enter the likelihood function rather than evaluating them numerically (Pakes 1987; McFadden 1989; Keane 1993 Keane , 1994 ).
EMPIRICAL ANALYSIS
Data
We test for choice dynamics in six frequently purchased packaged consumer product categories-ketchup, peanut butter, liquid detergent, tissue, tuna, and sugar. The data used are household-level scanner panel datasets collected from Tables 2 through 7 . Model 1 results indicate that the lagged price coefficient (/3) is statistically significant in ketchup, peanut butter, detergent, and tissue. Furthermore, the coefficient for the lagged display variable (WL) is statistically significant in the peanut butter and tuna categories. Thus, Chamberlain's test suggests that we can rule out both state dependence and lagged display and price effects in the sugar category. In the rest of the categories, the Chamberlain's test result suggests that there are intertemporal dependencies in the deterministic part of utilities, and, hence, choice dynamics exist.
Empirical Results
Choice Dynamics. The parameter estimates are reported in
The Model 2 results suggest that the coefficient for the last purchase (p) is statistically significant in all categories except for sugar. Thus, applying Wooldridge's specification, we can conclude that state dependence exists in five product categories, provided that the significance of the lagged purchase coefficient is not a reflection of any omitted significant lagged dynamic responses to exogenous variables or serial correlation.
Thus, we still need to make sure that we are not getting spurious state dependence in Model 2, and we need to ask the question of whether lagged price and display effects exist after controlling for state dependence. The significant lagged price effects in Model 1 may be capturing state dependence or may be indicative of true dynamic responses to price. However, if there are no lagged price or display effects after controlling for lagged purchase effects, we could conclude that for those categories Chamberlain's test is a valid test for state dependence.
To answer these questions, we need to look at the Model 3 results in conjunction with the Model 1 results. Model 3 results suggest that there are no significant lagged price or display (Pricei,,_, and Displayij,,_,) effects in the five categories in which Chamberlain's test found choice dynamics. [However, since there may be multicollinearity present in Model 3, we also estimate another model (Model 4) by setting the coefficients for Er0 Price1t and LEr0 Displaytj, = 0, as previously discussed. We again obtain insignificant lagged responses to price and display.] Thus, we obtain insignificant coefficients for the lagged exogenous variables in Model 3 (as well as in Model 4) and significant coefficients of either or both of the exogenous variables in Model 1 in five out of six categories studied. These combined results suggest that in the five categories in which choice dynamics were found the source of choice dynamics is state dependence and and there are no simple lagged responses to prices and displays in these six categories.
Consumer Unobserved Heterogeneity and Heterogeneity Structures.
The results from the models are consistent with respect to the existence of significant taste heterogeneity (oq) and price-sensitivitivity heterogeneity (oj ) in all six categories studied. Display-sensitivity heterogeneity exists in all the product categories except for peanut butter and tuna.
Furthermore, the results associated with all three models with the lagged-dependent-variable (Models 2-4) indicate also that there is heterogeneity in state dependence in four out of five categories in which state dependence was found. Tuna is the only category in which the state-dependence coefficient does not show any significant heterogeneity.
Finally, Models 2-4 are illuminating with respect to the appropriateness of a random-effects specification in which the individual effects are independent of the covariates and the initial purchase. The EZ TO Pricey, and E-to Displayjt variables capture all the past prices and displays a household was exposed to for a given brand. Their effect on choice (rq and ir, respectively) were found to be insignificant in all categories. This shows that our assumption of the Chamberlain test that the individual effects are uncorrelated with the covariates cannot be rejected empirically. Moreover, the initial purchase dummy (Y0o) is found to be statistically insignificant in all categories as well.
CONCLUSION
For the first time in the marketing literature, Chamberlain's method and Wooldridge's approach to test for state dependence were applied both separately and together in a specification that embeds them both. Using marketing data to test whether there is any state dependence in choice behavior in frequently purchased product categories, we found evidence In the case of brand choice, for example, the assumption of absence of dynamic responses of displays could be a plausible assumption. Note that such an assumption would be an economic assumption or an assumption involving consumer behavior rather than a statistical assumption. One needs also to assume the covariates to be uncorrelated with the individual effects.
On the other hand, if the Wooldridge type of laggeddependent-variable specification is the only test used, then the assumption is that serial correlation and unobserved heterogeneity are correctly specified. Note that such assumptions are statistical assumptions that may be less desirable than plausible economic assumptions. Further, one needs to assume that the lagged-dependent-variable coefficient is not picking up any dynamic responses to exogenous variables omitted from the model.
Most importantly, this research shows the need to use a combination of tests such as the Chamberlain test and the Wooldridge test to circumvent the problems associated with them as stand-alone tests. This enables the researcher to make more reliable statements about state dependence and dynamic responses to exogenous variables. 
